Introduction {#S6}
============

Amyotrophic lateral sclerosis (ALS) is a progressive, fatal neurodegenerative disorder defined by the loss of upper and lower motor neurons, typically resulting in death within 2--5 years of initial symptom onset ([@R1]). Despite ALS being defined in 1869 ([@R2]), the actual pathogenesis and cause(s) remain largely unknown and there is currently no cure. Conservative estimates suggest that in the United States (US) over 16,000, or 5.2/100,000 people, lived with ALS in 2015 ([@R3]) and approximately 5000, or 1.5/100,000, are diagnosed annually ([@R4]).

While death due to ventilatory failure from ALS affects most with the disease, there is a wide range of clinical characteristics among patients (e.g. site of onset and progression rate) ([@R5]). Genetically determined ALS accounts for about 10% of cases, whereas the remaining cases are considered sporadic ([@R6]). Additionally, site of onset results in several different phenotypes that include limb-onset, bulbar-onset, or trunk/global onset. Those with bulbar onset typically have shorter life expectancy versus those with limb onset ([@R7]). Furthermore, patients may experience various symptoms during the course of the disease, such as muscle cramps, fasciculations, dysarthria, and dysphagia ([@R8]).

The purpose of this article is to describe the clinical characteristics of a large cohort of US participants enrolled in the National ALS Registry. Since ALS onset and progression varies greatly by patient, these data provide additional information on phenotypic differences in a national population ([@R9],[@R10]). Having a better understanding of ALS onset may assist clinicians in making a quicker diagnosis, which could lead to earlier therapeutic interventions.

Methods {#S7}
=======

The National ALS Registry {#S8}
-------------------------

In October 2010, the US federal Agency for Toxic Substances and Disease Registry (ATSDR), part of the Centers for Disease Control and Prevention (CDC), launched the congressionally mandated, population-based National ALS Registry (Registry) to help clarify the epidemiology of ALS in the US ([@R11]). While details about the Registry's objectives are presented elsewhere ([@R3]), briefly, the Registry's purpose is to quantify the incidence and prevalence of ALS in the US, describe the patient demographics, and examine potential risk factors ([@R12]). Similarly, the Registry's methods also have been previously described ([@R13]). Cases from both the national administrative databases and the web portal are merged and de-duplicated to ensure that individuals are not counted twice. To verify ALS status within the web portal, ATSDR adopted the six questions from the U.S. Department of Veterans Affairs ALS registry that has been proven to be reliable indicators for accurate ALS diagnoses ([@R14]).

The Registry's web portal also allows participants to complete brief online surveys about their ALS experience on topics such as occupational and military histories, smoking and alcohol use, and clinical symptoms. Currently, there are 17 survey modules available shown in [Supplementary Table 1](#SD1){ref-type="supplementary-material"}. These surveys were designed by Stanford University ([@R15]) and are structured such that participants can answer the questions without having to involve a healthcare provider. Due to the nature of these online surveys, it is likely there is a selfselection bias within the study. These data are likely slanted toward a younger and better educated patient sample. To-date, over 80,000 surveys have been completed representing the largest, most geographically diverse collection of ALS risk factor data available.

Clinical symptoms survey module {#S9}
-------------------------------

The clinical symptoms survey module was created in partnership with the ALS Research Group, which was made up of US and Canadian neurologists and researchers. The purpose of the module is to examine physical symptoms participants developed before and after an ALS diagnosis. The survey contains 54 questions and covers topics such as site of onset, time of initial symptom onset to diagnosis, and time of diagnosis to hospice referral as shown in [Supplementary Table 2](#SD2){ref-type="supplementary-material"}. This module launched in December 2013 to new Registry enrollees and previous enrollees were prompted to return to the web portal to complete this survey. Therefore, this analysis covers from 19 October 2010 to 31 December 2015.

Data analysis {#S10}
-------------

Selected demographic characteristics for those who completed the clinical survey module were abstracted including gender, race, ethnicity, age at diagnosis, as well as geographic region of residence at the time of diagnosis. Race was defined by standard US definitions; a primary race was noted and if more than one race was chosen, participants were categorized as nonwhite. Geographic regions were created by combining US Department of Health and Human Services (HHS) regions [Supplementary Table 2](#SD2){ref-type="supplementary-material"}. For these groupings, the Northeastern region included HHS Regions 1, 2, and 3; Southern region included HHS Regions 4 and 6; Midwestern region included HHS Regions 5 and 7; and Western region included HHS Regions 8, 9, and 10 ([@R16]).

"Site of onset" refers to the body part where a participant reported their first ALS related weakness or symptom. The body was divided into 3 groups: 1) limb---extremities included hand, arm, foot or leg, 2) bulbar---included speech and/or swallowing, and 3) trunk/global included neck, back or abdominal areas, breathing muscles, or total body weakness. "Other symptoms" were ones which participants experienced after the initial symptom and could have occurred pre or post-diagnosis. The prevalence of symptoms was determined by calculating the time from symptom onset to diagnosis. Univariate analyses were performed to examine the associations among the site of onset (limb, bulbar, or trunk/global), symptoms following initial onset, and interventions for ALS. Categorical variables were assessed with Chi-square tests. Statistical significance was considered at 0.05. All data analysis was performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results {#S11}
=======

Between 19 October 2010 and 31 December 2015, 6352 adults, 18 years or older, registered via the Registry's online portal and completed at least one of the 17 surveys. Of these, 1758 (27.7%) completed the clinical survey module as well as basic demographic information. Demographic characteristics of these 1758 participants are displayed in [Table 1](#T1){ref-type="table"}. Over 60% of the participants were aged 50--69 years and male, and almost 96% were white. One-third of participants resided in the Southern part of the US at the time of diagnosis, closely followed by the Midwest ([Table 1](#T1){ref-type="table"}).

Site of onset among the 1758 participants stratified by gender is presented in [Table 2](#T2){ref-type="table"}. All participants reported having progressive muscle weakness prior to ALS diagnosis. Almost three-fourths of participants (*n* = 1261) had limb onset. A significantly higher proportion of male participants had limb onset weakness (*p* = 0.02) and weakness first in their hand or arm (*p* = 0.02). Approximately, 22% of the 1758 participants experienced bulbar onset; of those, females were statistically more likely to have bulbar onset (*p* = 0.002). Trunk/global onset accounted for 6.1% of participants with an even gender distribution. The study also compared gross motor tasks, fine motor tasks, bulbar functions, and respiratory functions through validated question-based scales by site of onset. This scale, the Amyotrophic Lateral Sclerosis Functional Rating Scale-revised (ALSFRS-R), measures physical function in carrying out activities of daily living of patients with ALS ([@R17]). The rate of estimated change of ALSFRS scores by site of onset was examined and bulbar participants declined faster compared to other groups (data not presented). The mean age of onset was 59.1 years overall, 58.1 years for limb onset, 61.5 years for bulbar onset, and 62.6 years for trunk/global onset.

Other symptoms experienced are presented in [Table 3](#T3){ref-type="table"}. The most frequent symptoms included muscle cramps (56.7%), fasciculations (56.3%), and dysarthria (33.0%). Approximately one-fourth (*n* = 447) had experienced trips or falls. Almost 13% of participants had difficulty controlling bowels, 6.7% had experienced pneumonia, and 3.9% experienced blood clots. When stratified by gender, a higher proportion of females reported suffering from pneumonia (*p* = 0.04) as well as having problems with speech (*p* = 0.02).

The time between symptom-onset and ALS diagnosis was calculated for each symptom ([Figure 1](#F1){ref-type="fig"}). Post muscle cramp onset, the median time to diagnosis was just over one year. Post muscle weakness onset, an ALS diagnosis was made after almost 11 months, followed by twitching at almost 8 months prior to ALS diagnosis. Of the 581 participants with speech onset, median time to ALS diagnosis was approximately six months. Bowel issues preceded an ALS diagnosis by approximately three months.

Bulbar onset participants were typically diagnosed faster than those with limb or trunk/global onset ([Figure 2](#F2){ref-type="fig"}). The average time to diagnosis for bulbar onset individuals was almost nine months, compared to almost one year for limb onset and nearly 14 months for trunk/global onset. For symptoms of cramps and twitching, bulbar onset participants again reported shorter duration of symptoms to diagnosis as compared to those with limb or trunk/global onset (7.6 and 5 months, respectively). Those with trunk/global onset had speech and bowel symptoms (3.3 and 0.2 months, respectively) for a much shorter prior to diagnosis versus those with bulbar onset (8.5 and 3.1 months, respectively) and limb onset (3.3 and 3.4 months, respectively).

The use of pharmacological and non-pharmacological interventions used is presented in [Table 4](#T4){ref-type="table"}. The most frequent interventions included riluzole, the only Food and Drug Administration approved ALS drug available during the study period (48.3% currently using), wheelchairs/scooters (32.8%), and noninvasive breathing equipment (30.0%). Noninvasive breathing equipment was more commonly started after diagnosis with a median time of three months. Sixteen percent of participants used a communication device, with females being more likely to use (*p* = 0.09). Only 2.6% of participants reported having a tracheotomy, with an equal split by gender. Approximately, 69% of participants had visited a multidisciplinary clinic, while 25% had been involved in ALS research studies and clinical trials, and 18.6% had genetic testing done (data for the latter two not presented in table).

Regarding end-of-life care, 91 participants had been referred to hospice; the timeframe from diagnosis to referral was just over 13 months. Women were referred to hospice earlier at 9.2 months and men later at 14 months. Age at diagnosis also affected time to hospice referral with older participants being referred earlier: age 18--39 at 40.5 months, 40--49 at 29 months, 50--59 at 14.2 months, 60--69 at 10.4 months, and those ≥70 years at 9.5 months. Trunk/global onset participants were referred to hospice sooner after diagnosis with a median time of 3.5 months compared with bulbar (13.9 months) and limb onset participants (14.7 months). Two-third of participants had advanced directives regarding end-of-life-care. Participants who were on, or had been on, riluzole were referred to hospice at 15 months after diagnosis and those never taking riluzole earlier at 10 months.

Discussion {#S12}
==========

This US dataset allows for an exploration of ALS symptoms on a national scale and validates findings seen in earlier studies. Initial disease onset symptoms precede an ALS diagnosis by just less than one year in several US series and in this large US series by less than 10 months ([@R18],[@R19]). This diagnostic delay can lead to unnecessary diagnostic evaluations ([@R20]) and delay treatments shown to be effective ([@R21],[@R22]). Specific descriptions of the first symptoms of the disease could assist clinicians in making an earlier diagnosis. These data presented complement past reports ([@R23],[@R24]). Some European studies have published a median time from symptom onset to an ALS diagnosis in a little as less than 8 months while others have seen a median diagnosis delay of up to 12.5 months ([@R25],[@R26]).

Muscle cramps are reported in 56.7% of participants in this cohort. While this is lower than the 92--95% of patients reporting cramps during their ALS disease ([@R27],[@R28]), it is higher than the 11.4% estimate by Eisen ([@R23]). Muscle cramps are highly variable over time, but there is no consistent trend ([@R28]). Of the almost 60% of participants who experienced muscles cramps, an ALS diagnosis came almost 13 months later.

Fasciculations are another lower motor neuron hyperexcitability phenomena that strongly associate with ALS, but for which prevalence numbers have not been described ([@R29]); in this series, 56.3% report muscle twitching. Fasciculations, and rarely also cramps, can occur and go unnoticed by the patient; this may result in some underreporting of these symptoms. While muscle cramps and fasciculations are predominantly lower motor neuron symptoms, they are a feature of neuronal hyperexcitability that frequently precede weakness. The median occurrences of different symptoms prior to diagnosis as depicted in [Figure 1](#F1){ref-type="fig"} provide an overview of how symptoms develop in ALS.

Trips and falls are byproducts of ALS lower extremity involvement and 25.4% of the participants reported these, with a slightly larger number (36.9%) reporting leg or foot weakness as the initial onset symptom; this compares to prior series of 29% ([@R30]) and 35% ([@R31]), respectively. In this series, approximately a third of participants report utilizing a motorized wheelchair or scooter. These types of devices can reduce the risk of trips/falls and provide a way of maintaining independent mobility later in the disease.

In this study, blood clots are defined as having one in your arm, leg, or lung requiring treatment with a blood thinner. Almost 4% of the participants reported having a blood clot that required treatment. This far exceeds CDC's estimate of 1--2 per 1000 ([@R32]). This ALS study has 20 times the expected number of participants experiencing blood clots. ALS patients typically have a more sedentary lifestyle, could be protein deficit, and are typically an older population, all of which may lead to the development of blood clots.

Almost 12% of participants reported having changes in bowel movements as a symptom that preceded an ALS diagnosis by roughly three months. Recent findings reported that weight loss in ALS can precede presumed disease onset ([@R33]). ALS also has some involvement of the autonomic nervous system which could result in bowel problems ([@R34]).

Tracheostomy is a rare treatment choice in the US and low numbers have been reported in prior series ([@R35]). In this study, 2.6% of participants had chosen this intervention. The portion of the participants with communication difficulties, making participation in the survey difficult, is likely higher in participants with a tracheostomy than in the general ALS population and could lead to underreporting of the intervention.

There were few differences by gender, but referral to hospice occurred earlier for women. This correlates with shorter survival time women experience, which could be explained by older age and more frequent bulbar onset, or could possibly be due to less aggressive management ([@R36]). Time in hospice is generally short and earlier referrals are often beneficial. Older participants who also have a shorter expected survival ([@R37],[@R38]) were also referred to hospice earlier. Current and past use of riluzole was associated with longer time to hospice referral. This could be due to participants choosing more aggressive treatments aimed at prolonging survival, which delay their entry into hospice, which has been seen in other registry studies ([@R39],[@R40]). All study participants were alive so we were unable to estimate any differences in survival. Riluzole use in the US continues to be low (48% in the Registry) compared to other industrialized nations, such as Sweden at 76% and Japan at 58% ([@R41],[@R42]).

Another difference among genders was site of onset. Women were more likely to have bulbar onset. Of the women in this study, almost 26% had bulbar onset, for men the proportion was just under 20%, while just over 22% of all participants had bulbar site of onset. This is similar or slightly lower than other studies finding between 22 and almost 41% ([@R27],[@R28]). However, most of these studies do have different case identification schemes.

A major study limitation is that the survey is not a random sample from the database, and it is likely that some biases are introduced by the self-identification process. Other studies utilize the provision of free or subsidized medicine regardless of age or socio-economic status to identify cases ([@R26],[@R27],[@R42]). Participants with internet access are presumably more likely to participate; this may skew the population toward a younger, demographically white, and better educated patient sample. The participants in this study were mostly (62.1%) between the ages of 50 and 69, which is a somewhat larger proportion than what is seen in the National ALS Registry as a whole (48.2%) ([@R3]), and clearly contrasting with the overall U.S. population in this segment (24.4%) ([@R43]). The portion of younger participants is over-represented in this sample and the oldest age group under represented as compared to the Registry as a whole ([Table 1](#T1){ref-type="table"}). While the survey participants' spatial distribution is comparable to the overall Registry, racial diversity appears to be underrepresented in the sample with only 4.5% being nonwhite as compared to 12.1% in the registry as a whole ([@R3],[@R41]). Potential causes include lower access to computers that are required for self-registration; reduced awareness of the Registry perhaps due to lower use of ALS specialty clinics; and reduced participation by western residents, a region comprising a substantial nonwhite population ([@R44]). Another possible study limitation is recall bias. Participants were asked to enter dates and symptoms before they were diagnosed with ALS. It is possible participants estimated the time from the particular symptom to an ALS diagnosis if they did not remember the exact date each symptom started. However, answering surveys is voluntary and not everyone who registered took this survey. A final limitation is duplication of participants. While every attempt is taken to include only unique registrants in our analyses, there remains the possibility that duplicate registrations could be included. Conversely, additional analyses were taken to review the data for duplication and the analysis indicated that very few duplicates likely occurred.

Conclusion {#S13}
==========

An ALS diagnosis is primarily based on clinical assessment; therefore, it is not surprising that a diagnosis is often deferred to specialists with expertise in this rare condition after several months of testing. The Registry data presented here show how ALS symptoms vary in participants before they are diagnosed and reflect current published findings on disease onset. This study is largely consistent with results of other reported research on smaller, less geographically diverse populations. Better characterization of symptom onset can assist clinicians in making referrals to an ALS specialist resulting in earlier diagnosis, which could lead to earlier therapeutic interventions. Further research into the early symptoms of ALS is still needed in order to better understand disease onset.
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###### 

Demographic characteristics among US adults with ALS who responded to the National ALS Registry's Clinical Survey Module (19 October 2010--31 December 2015).

  Characteristic     Clinical survey participants   All Registry participants^[a](#TFN1){ref-type="table-fn"}^          
  ------------------ ------------------------------ ------------------------------------------------------------ ------ ------
  Age at diagnosis                                                                                                      
   18--39            76                             4.3                                                          408    6.4
   40--49            247                            14.1                                                         981    15.5
   50--59            511                            29.1                                                         1922   30.3
   60--69            580                            33                                                           2033   32.1
   70--79            288                            16.4                                                         869    13.7
   80+               55                             3.1                                                          131    2
   Missing           1                              0                                                            8      0.1
  Gender                                                                                                                
   Male              1071                           60.9                                                         3841   60.5
   Female            687                            39.1                                                         2511   39.5
  Race                                                                                                                  
   Nonwhite          78                             4.5                                                          293    4.6
   White             1658                           95.5                                                         5809   91.5
   Missing           22                             1.3                                                          250    3.9
  Census region                                                                                                         
   Midwest           532                            30.4                                                         1790   28.2
   South             578                            33.1                                                         2200   34.5
   West              389                            22.2                                                         1357   21.4
   East              242                            13.8                                                         957    15.1
   Other/missing     17                             0.1                                                          48     0.8

Registry enrollees who completed one or more of the 17 available surveys.

###### 

Initial site of onset among 1758^[a](#TFN2){ref-type="table-fn"}^ US adults with ALS who responded to the National ALS Registry's Clinical Survey Module (19 October 2010--31 December 2015).

  Initial site of onset^[b](#TFN3){ref-type="table-fn"}^   Male      Female     Total     Chi-square *p* value                         
  -------------------------------------------------------- --------- ---------- --------- ---------------------- ---------- ---------- ------------
  Limb                                                     **695**   **74.3**   **466**   **67.8**               **1261**   **71.8**   **0.023**
   Arm or hand                                             397       37.1       216       31.4                   613        34.9       0.02
   Leg or foot                                             398       37.2       250       36.4                   648        36.9       0.74
  Bulbar (speech and/or swallowing muscles)                **211**   **19.7**   **178**   **25.9**               **389**    **22.1**   **0.0023**
  Trunk/global                                             **65**    **6.1**    **43**    **6.4**                **108**    **6.1**    **0.87**
   Neck, back, or abdominal area                           23        2.2        19        2.8                    42         2.4        0.41
   Breathing muscles                                       18        1.7        12        1.8                    30         1.7        0.92
   Total body                                              24        2.2        12        1.8                    36         2          0.48

100 participants entered missing or unknown data for initial site of onset.

Initial site of onset refers to the first body region where a patient reported a weakness or symptom prior to ALS diagnosis.

The bolded values are the categories, the un-bolded values are the sub categories.

###### 

Other symptoms experienced among 1758^[a](#TFN5){ref-type="table-fn"}^ US adults with ALS who responded to the National ALS Registry's Clinical Survey Module (19 October 2010--31 December 2015).

  Other symptoms^[b](#TFN6){ref-type="table-fn"}^ (Have you ever experienced the following?)   Male   Female   Total   Chi-square *p* value                
  -------------------------------------------------------------------------------------------- ------ -------- ------- ---------------------- ----- ------ -------
  Pneumonia                                                                                    59     5.6      59      8.7                    118   6.7    0.043
  Falls                                                                                        263    25.1     184     27.2                   447   25.4   0.37
  Blood clot                                                                                   40     3.8      29      4.3                    69    3.9    0.47
  Cramps                                                                                       611    57.9     386     57.3                   997   56.7   0.31
  Twitching (fasciculations)                                                                   609    57.8     380     56.4                   989   56.3   0.45
  Problems with speech (dysarthria)                                                            334    33.4     247     38.6                   581   33     0.023
  Difficulty controlling bowels                                                                127    12.1     96      14.3                   223   12.7   0.42

Participants may have entered missing or unknown data for initial site of onset. No more than 2.2% are unknown or missing.

Initial site of onset refers to the first body region where a patient reported a weakness or symptom prior to ALS diagnosis. The following symptoms could have occurred before or after an ALS diagnosis and regardless of site of onset.

Statistically significant at *p* \< 0.05.

###### 

Use of Interventions among 1758^[a](#TFN8){ref-type="table-fn"}^ US Adults with ALS who responded to the National ALS Registry's Clinical Survey Module (19 October 2010--31 December 2015).

  Interventions^[b](#TFN9){ref-type="table-fn"}^   Male   Female   Total   Chi-square *p* value^[c](#TFN10){ref-type="table-fn"}^                
  ------------------------------------------------ ------ -------- ------- -------------------------------------------------------- ----- ------ ------
  Wheelchair or scooter                            355    33.7     222     32.8                                                     577   32.8   0.43
  Noninvasive breathing equipment                  309    29.5     218     32.3                                                     527   30.0   0.43
  Tracheotomy                                      26     2.5      19      2.8                                                      45    2.6    0.82
  Communication device                             161    15.4     120     17.8                                                     281   16.0   0.09
  Riluzole                                                                                                                                       
   Used in the past                                135    12.8     91      13.4                                                     226   12.9   0.87
   Currently using                                 523    49.5     326     48.1                                                     849   48.3   0.94
  Hospice                                          54     5.1      37      5.5                                                      91    5.2    0.5

Participants may have entered missing or unknown data for initial site of onset. Unknown or missing data ranges from \<2 to 8.2%.

Includes pharmacological and non-pharmacological interventions.

Statistically significant at *p* \< 0.05.
